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ABSTRACT
Development of 3-dimensional self-adaptive algorithms for unstructured finite 
element grids is recent to the solution of partial differential equations. An h-adaptive grid 
embedding method is employed to help solve the Navier-Stokes equations for fluid flow 
and scalar transport.
This h-adaptive algorithm, in combination with the finite element solver, has been 
designed to solve simple to moderately complex 3-dimensional problems on high-end PC’s 
with at least 16 megabytes of ram, and more complex geometries on workstations and 
mainframes. The finite element solver is a one point Gauss-Legendre integration scheme 
which employs mass lumping, Cholesky skyline L-U decomposition, and Petrov-Galerkin 
upwinding.
This thesis introduces and explains the Galerkin weighted residual finite element 
solution process with the use of the Laplace heat conduction equation. Development of 
the weak statements for the non-dimensional primitive variable Navier-Stokes equations is 
presented with a Poisson formulation for pressure. The explicit solution process of this 
Poisson formulation is described in detail. Various adaptive methods are presented with 
emphasis on grid embedding. Single element division or grid embedding allows for the 
use of the one point quadrature integration scheme used in the solution process. Finally 
the application o f the adaptive process coupled with the finite element solver is applied to 
the solution of the Navier-Stokes equations along with the species transport equations.
Adaptive methods have a place in the solution of nonlinear partial differential 
equations. Implementation of the algorithm for species transport on a converged 
momentum solution is shown to be an effective method to improve the accuracy of 
transport prediction by refining the grid while maintaining the ability to run on PC scale 
machines.
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CHAPTER 1 
INTRODUCTION
Automatic unstructured-grid adjustments are designed to increase the resolution 
and accuracy of finite element solutions to partial differential equations. At the same time 
grid adjustments or refinements minimize computer time and manpower related to these 
solutions. Typically partial differential equations describing physical phenomena are 
either highly nonlinear or the domain on which a solution is sought has complex geometry 
or both. Analytical solutions for nonlinear physics and complex domains are often 
impossible to attain.
The method of finite elements is employed to achieve the solution over discrete 
portions o f the domain, i.e., over individual elements in the unstructured grid. These 
discrete domains are assembled in a linear fashion to solve the equations over the entire 
domain. The more refined the grid, the better the accuracy of the discrete finite element 
solution.
The finite element method is a very ingenious and successful approach to achieving 
accurate solutions to partial differential equations. This work discusses the basics of the 
Galerkin weighted residual finite element method as it applies to the solution of the highly 
nonlinear Navier-Stokes equations for viscous incompressible flows in three dimensions.
The focus o f this work is the process of automatic grid adaptation by ‘h’ type 
refinement of an original unstructured grid used to represent the physical domain where
1
2the Navier-Stokes equations can be applied. The adaptive process is demonstrated on the 
solution of a species transport problem with constant source term.
The decision to use h-adaptation with mesh enrichment is a result of to the desire 
to develop a high speed method for the solution of the 3-dimensional Navier-Stokes and 
scalar transport equations on relatively low powered personal computers and 
workstations. To meet these requirements a time-explicit finite element solver is used 
which employs Petrov-Galerkin upwinding, stability analysis and one-point Gauss- 
Legendre integration. The efficient one-point integration dictates an adaptive process of 
the element enrichment variety and is discussed in Chapters 5 and 6. Other methods of 
hexahedral grid h-adaptation result in skewed element geometry which requires higher 
order integration to maintain accuracy therefore, slowing down the solution process.
Refinement o f the ‘h’ type is the process o f embedding more elements in a globally 
coarse mesh in locations where the greatest features of the flow or transport occur. For 
incompressible flows, these areas are in the vicinity of boundary layers and geometric 
features - that is, where vorticity is influencing the flow. For species transport these 
locations are in the vicinity o f the highest concentration gradients. These areas usually will 
generate the largest error in the solution and have the highest gradients. Identifying these 
high gradient areas in the domain provides the location for enriching elements. The use of 
gradients to locate elements for enrichment is also efficient, requiring little time or 
memory.
What follows will be the discussion of the Galerkin weighted residual finite 
element solution and how it applies to the solution of the Navier-Stokes and species
3transport equations for viscous incompressible flow in three dimensions. In particular the 
time-dependent, Poisson formulation for pressure form of the governing equations is 
solved.
Discussion of adaptive methods and the process of h-adaptation follows in Chapter 
5. Discussion on adaptation is presented in general. The process for the automatic h- 
adaptation o f three dimensional unstructured grids using 8 node tri-linear hexahedral is 
presented in depth. Finally a solution for a species transport problem is presented to 
demonstrate the ability of the h-adaptive algorithm.
CHAPTER 2 
VISCOUS INCOMPRESSIBLE FLUIDS
A mass consistent analysis of an elemental volume produces the continuity 
equations as follows.
a P  u .
= °0  X,
A stress-strain analysis of Newtonian fluid in the limit produces the Cauchy 
equations
p DU, _ dP t 3 T 
D t dx; d x.
where
T. = stress tensor
Stress is related to the rate of strain. For a Newtonian fluid this relationship is linear,
T  = 2P ^ — 8 ij for i=j
dXj
Kd Xj d x i y
for i ^ j
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Substituting these relations into the Cauchy equations produces the Navier-Stokes 
equations for a viscous incompressible fluid [Gerhart et al, 1992], Utilizing non- 
dimensional terms, the conservation of momentum can be expressed in vector form as
Dv 1 ^  1 -,2 =  V/7H V V +  f
m  p Re
What is most obvious about this vector equation is the existence of four 
unknowns (vsu, v, w; p), but only three component equations. At this point we must 
introduce some formulation of these equations which eliminates the pressure term. A 
Poisson or potential equation can be produced by taking the divergence of the 
momentum equation, yielding
V 2p  = - l l l l  _  (Vv)2 + —  V 2[V •  v] 
y  d t v J Re L J
Once the solution to the potential equation is attained for some given velocity at time 
step ln \  the velocities are updated to time step ‘n+ I ' from each component of the 
Poisson equation, i.e. [Hoffman and Chang, 1993]
d u d \u 2 +  p)  d u v  d uw  1
—— I—  ---------   +  —----- 1----------= -----V u x component
d t d x  d  y  d z  Re
6d v d ( v 2 + p )  d vu 5  vii' 1 u 2—----- 1- —  ----------  H----------- 1----------= ------ V v y component
d t d y  d x d z  R e
d w d (w 2 + p)  d wu d wv 1 _ 2
—— f-—--------------h —-------h —------ =  — V w  z component
d t d z  d x  d y  Re
For the finite element method, this procedure is augmented [Pepper, 1990 ].
First an explicit formulation of the velocity is made from the momentum equations and 
the pressure outflow boundary conditions at time n=0 . A potential equation is 
formulated without the time dependent terms based on the velocity. The velocity is again 
solved at time n+I from the x, y, and z components of the pressure Poisson equation. 
Pressure is updated from the discretized Poisson equation at n+1. This process is 
advanced in time until convergence is achieved. Once the inverse matrix is established 
for the solution of the potential, the most time-consuming part of this process is the 
solution of the pressure from the discretized Poisson equation [Lohner, 1990],
CHAPTER 3 
FINITE ELEMENT METHOD
Finite element solutions have their origins in structural mechanics from the mid- 
1950’s [Pepper and Heinrich, 1992], In these early applications a variational technique 
was employed. To this day structural mechanics employs the development of the 
variational functional - a minimization o f energy to produce the integrand of the potential 
equation for stress and strain. This functional is called weak formulation of the governing 
equations, and it resides in the integral equation with a weight found by the minimizing of 
energy.
Application of the finite element method to viscous fluid flow has its foundation in 
mathematical theory. Green’s theorem (2-D) and Gauss’s theorem (3-D) are used to 
produce the weak formulation of the governing equation. The Green-Gauss theorem 
allows for the reduction of a second order equation integrated over a volume or area to a 
first order equation integrated over an area or line.
Since the problem domain is a discrete system, the finite element method seeks to 
minimize the error or residual, R, over the domain. This can be shown using Taylor series 
expansion for the heat conduction equation with constant conductivity and internal heat 
source in an isotropic material as follows:
Let
R ( T , x ,) = - K V 2T - Q
where the approximation of the function is given by
7
T = £  r ,  iv  ,
I = 1
which is a polynomial expansion of order n, N-, is the weight, and T; is the trial 
temperature.
The finite element method seeks to minimize this residual over a domain 
[Zienkiewicz and Morgan, 1993], It is impossible to achieve a zero residual in the entire 
domain. However, we can get the residual to be zero at discrete points in the domain. 
Reducing the residual to zero at specific points is accomplished by multiplying the residual 
by an appropriate weighting function, W j, and integrating over the entire domain,
\ W  , R ( T , x , )dn = o
n
Galerkin Method of Weighted Residuals
Choosing the weight equal to the interpolating function; Wj =N|, produces the 
Galerkin weighted residual method for finite elements. Although other weights exist this 
choice of weight is the most popular and allows for the formulation of one set of basis 
functions. This integration is over discrete elements in the domain. The accumulation of 
these integral equations over individual elements yields a system of integral equations 
describing the entire domain.
Employing the Green’s theorem, one obtains the “weak formulation” of the 
integral equations, i.e., the integrand is transformed into a first order differential. Hence, 
after application of Green’s theorem the weak formulation is:
1 T — d Q  ~  J + f W ,n d x, d x, £ r
/
~ k  T “ V r  =  0a  n )
9Particularly beneficial is the way the integral expression automatically incorporates 
the surface fluxes, i.e.
which describes the flux of the energy moving across the domain boundaries. In 
Galerkin’s method, Wj =NS.
Natural Coordinates as a Computational Space
Choosing a normalized transformation for the interpolating function and an 
approximate weight produces the Galerkin Method of weighted residuals with 
isoparametric elements and a normalized computational space. The linear system of 
equations is assembled from each element in the geometric domain, which is transformed 
to an element of normalized length in the computational domain. The natural coordinate 
system is shown in Fig 1.
Figure 1) One to one and onto mapping between geom etric and computational domain
This allows for the development of generic interpolating functions known as 
shape functions. These basis, or shape, functions for isoparametric tri-linear hexahedral 
elements are listed below [Pepper and Heinrich, 1992],
' # 1 ' ( i - 0 ( i - n ) ( - 0 1
(i + S X i - n X - 0
N ^ O + OO + nX - o
N 4 1 (1-<^)(1+T])( - o
8 O - O O - n X + 0
(l + ^)(l-77)( + 0
Ny (i + O 0  + »?X + 0
. N 8 . _ o - o o + o ( + o
Derivatives of the shape functions are obtained from the chain rule, e.g.,
d  I  d X j d  $ iJ
Derivatives of a global quantity in this computational domain are easily obtained 
from the shape functions and the Jacobian [Beer and Watson, 1992].
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where the Jacobian is defined as
d x d y d  z
d x d  y d z
d rf d  7] d  77
d x d y d z
U c
The relationship between global and computational domain derivatives of a 
function are given by
' d Nj ~ d x 9 y d z ’d _ N f
9 § n d X
I E l d x i . y d z I E l
d 71 d 7] d7] d 77 d y
d N j d x d y d z d_Nj_
f  t . f t d t 9 C . f  z .
Since the transformation is unique (that is, the transformation is nonsingular 
[Zienkiewicz and Morgan, 1993], meaning it is one to one and onto the domain of the 
natural coordinate system for each element) the derivatives of variables (trial functions) in 
the global domain can be defined as
d N,~IL
d x
sLL =  J  '3 y
I L






d N  j
d £
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and where the inverse Jacobian is given by
d x d y d z
d %
d x d_y_ d z
d 7] d TJ d 7]
d x d y d z
"d"C d C .
All the components are in place to solve the Galerkin weighted residual “weak” equation 
except for the integration.
Integration
Integration takes place over sampling points within the domain. Since we have 
made a transformation to a normalized computational domain, the implementation of 
Gauss-Legendre quadrature for the numerical integration can be applied directly to the 
integral equations without a change of limits. The integration in three dimensions is 
shown in the following equation [Pepper and Heinrich, 1992]:
-1-1-1 ,'=1 ;=i *=i
where the Gauss weights of integration, w ,, are evaluated at the Gauss points, £,7],£ .
For two point quadrature the weights are 1.0 at points ±1/V3 for each direction.
Therefore, in three dimensions there are eight weighting points (2x2x2). Higher 
integration accuracy can be achieved with more points of integration. For atmospheric 
flows one point quadrature is usually accurate enough, given the scale of the problem, and 
limited element distortion. The integration for one point quadrature occurs at the centroid 
of the element in the computational domain, with weight of 2.0. For complex domains
13
where elements are skewed or have high aspect ratios, two point quadrature should be 
used.
Matrix Equations
As discussed above, the weak statement for the governing equation of heat 
conduction is assembled into a set of linear equations representing the entire domain.
It is important to note however, that only rarely and under unusual reasoning 
would these matrices be represented formally in a computer program. The reason for this 
is that inverting the A matrix by the Gaussian process to solve the above system is 
extremely consuming in both time and memory. Many other methods exist for solution 
which are modifications of Gaussian inversion or are iterative methods which use a 
“preconditioned” matrix. Preconditioning usually is the indexing of a matrix to form a 
single vector.
For the heat diffusion equation under consideration, the matrix formulation with 
time dependent terms is:





K = i je=l n
and
F = 1 1  N Q d a  -  t  N ^ d r
e-\ n e = ]
These equations are simply marched forward in time. Equation solving at each 
time step can either take place implicitly, explicitly or as a semi-implicit (Crank-Nicholson) 
process.
In the above equations, there are no convective terms to create dispersive noise. 
Also, the problem is well configured. Equations of this type are linear and generally have 
analytical solutions. However, for complex geometry’s, as well as nonlinear, convective 
domain problems, analytical solutions are extremely difficult to achieve or are nonexistent.
As will be seen in the following chapter, the incompressible Navier-Stokes 
equations do not demonstrate linearity or complete specification. The incompressible 
Navier-Stokes equations are nonlinear, parabolic in time, elliptic in space, and pose a 
difficult problem to solve.
CHAPTER 4
APPLICATIONS OF THE 
FINITE ELEMENT METHOD TO 
VISCOUS FLUIDS
To begin the process of applying the finite element method to the solution of the 
governing equations, the weak statement forms of the equations are found. The energy
convective or species transport problems. The method of weighted residuals is applied to 
the weak statements resulting in the following representation of the governing equations. 
Weighted Residual Statements
In the equations below the shape functions ‘Nj’ are as described previously. The 
vectors and scalars are trial functions.
Weighted Residual Statement of Continuity
and mass transport equations are included in the analysis. These will be needed to solve
Weighted Residual Statement of the Navier-Stokes Equations
IS
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Weighted Residual Statement of Energy




1 B N,  d N ,d a
e Bx j  d x j {T } +
\ \  N ‘( N Jy  j ) - * r d a  ! N < Q d Q  -  \ N , q T d T
U  a x > j  In  j V r




I N <(N jv {s > “ I N >Q'd a  ~ f ^ v ^ . r d r\ n  axi y V n / vr
= 0
Matrix Equations
The matrix equations for the momentum, heat and mass transport can be written as 
[M ] f v l  + [ C ( u ) ] { v } + [ K v] { v } - [ Q  ] { /> } =  { F J
[M ] { f  } + [ C ( u ) ] { 7’ } +  [K r ] { r } =  { F r }
[M ] | ^ |  + [ C ( u ) ] { 5 } +  [K s ]{v }= {F s }
The individual matrices for these equations are defined as
M = J NtNjdQ.
Q
C(u ) = \ N , { N t v J ) ^ d Q .
K . .  = JQ R e  3 d x  j
Q = j | ! L . K / J a
' - d a
F, = \ N lg td a  + ^ N l n , ^ J - d V
n Re J d x
Solution Process
The solution process, as mentioned in chapter 2 , is explained in greater detail in 
the following steps. Figure 2 illustrates the process.
Time Explicit Advancement
The velocity is marched in time as a first step to bring boundary conditions of 
pressure, fluxes and inlet conditions into the flow field. Velocity is found explicitly as
{v;* i} - { , ," } + M m ' | { f , } - [ k ]{v, - } - [ c (,.)]{v, - } - [ q 1h />})
This explicit equation also applies equally to the scalar quantities o f temperature and 
species transport.
Potential
From the potential equation
[ K ] { 0 } =  [ Q ] { v , “ ' |
where K is the stiffness matrix composed of only Laplacian field operators, the potential, 
<&, is solved using the velocity.
18
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Figure 2) Solution Method for Incompressible Navier-Stokes Equations
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Velocities
The velocities are updated from the components of the potential
Pressure
Finally the pressure is calculated from the discretized Poisson equation, given in chapter 2,
Mass lumping
Mass lumping is the combining of the time dependent terms in the mass matrix, 
row by row, into a diagonal matrix. This is done by simply adding the terms of each row. 
Lumping creates a matrix which has as its inverse Figure 3) Solution Method for Incompressible 
Navier-Stokes Equations
Mass lumping makes the time dependent equation an explicit equation [Pepper, 1990], 
Explicit equations need stability requirements based on the Courant and Reynolds cell 
numbers.
Stability
Time step magnitudes are met by requirements on the Fourier, Courant and 
Reynolds cell numbers [Hoffman and Chiang, 1993], The determining equations are as 
follows:
K P n + 1 = Q M  ( F V( -  K v ,." + ' -  C ( u ) v , " +’ )
where
20
v.A tc. = courant s  ——  < 1 Axt
R e ceii = R e | v ( |Ax < —
c
Construction of ‘Ax ’ or 7/ ’ in 3 dimensions is performed by finding the average 
value for the coordinates of each face and then taking a difference between opposing 
faces. The entire grid is searched for the constraining values in order to optimize the time 
step.
Petrov-Galerkin Up winding
The upwinding factor designed to reduce dispersive computational noise in 
advection dominated flows is a perturbed Galerkin weight. This weight is applied to the 
advection portion of the residual equation for momentum and scalar transport. It is given 
by:
W,  =  N,  + 
where a. is given by
a  h. d  N,  d  N .  d N ,
u  —  +  V —  +  w  —
a  x d  y  d z
a = cothfy\  2
with the optimal value for ‘y‘ is given by [Pepper and Heinrich, 1996]
7  = |v|//c Re
The ‘he ’ in the computer code is found as an average of an element’s length dot product 
of the local velocity. Replacing the Reynolds number with the Peclet number [Haung and 
Usamani, 1994] or the inverse of the effective diffustivity in the ‘y‘ equation yields 





Adjustments to a discretized domain are designed to increase the resolution and 
accuracy of solutions to partial differential equations. Man hours and computational time 
are reduced since globally fine meshes are not necessary. Since solution fields are not 
known a priori, trial and error remeshing to resolve areas of high gradients is eliminated. 
There are three different categories of adaptation: equation, temporal, and mesh.
Temporal adaptation is the process of augmenting the time step to maintain 
stability requirements o f the cell Reynolds number and the Courant number. Equation 
types may change for fluid flow analysis. Boundary layer theory employs equation 
adaptation and is known as matching. Embedding more elements into a mesh by dividing 
existing elements is a form of h-adaptation.
Temporal
Temporal methods for this research consist of stability requirements related to the 
explicit formulation o f the time marching aspect of the finite element solver. There are 
times in which the physics of the problem may require different temporal considerations; 
these are discussed in Kallinderis [1989],
Equation
Mesh refinement by the use o f higher degree polynomials for the basis function is 
p-adaptation and can be placed in the equation adaptation category. The complexity of
21
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higher degree polynomials becomes difficult to manage for element basis functions much 
beyond quadratics, particularly for three dimensional elements. Another concern relates to 
the number of Gauss points on which the integration must take place. However, this 
method is becoming popular in commercial computer codes.
Mesh Augmentation
Three standard methods for mesh adaptation are the r-method, the method of 
remeshing, and the h-method.
Mesh redistribution or r-refmement adjusts the element size without increasing the 
number of nodes or elements. Severe skewing of the elements can result, leading to 
inaccuracies in the solution. The resolution may be too sparse to resolve perturbations 
beginning to develop in the flow. An example would be the bifurcation of convective 
driven flow in a cavity at large Rayleigh numbers.
The method of remeshing smoothes the error of the solution over the entire 
domain. This is done by finding the error on a coarse mesh solution and then calculating a 
grid density which will distribute the error equally [Pelletier and Llinca, 1994], The 
process continues in time until the error is globally lower than some specified value. The 
process is time consuming but has led to good results for mixed convective heat transfer 
problems in 2 dimensions [Pelletier and Hetu, 1993],
Embedding elements within the existing grid is h-adaptation. This is commonly 
called mesh enrichment. Mesh enrichment can take place in a number of ways. Two 
common ways are the block method and single element division. The block method as 
seen in Fig. 3 easily maintains curvature of the existing element as the sides of the original
23
element are not affected. However, skewed hexahedral elements are generated requiring 
the use o f 2x2x2 point quadrature integration.
Figure 4) Block Embedding
Figure 5) Hexahedral Element Division 
Division of a single element (Fig. 4) is easy to implement. Curvature must be
updated with the use of splines for the elements on the boundary [Kallinderis - 1989], The
interface zones where hanging or virtual nodes (nodes which are not vertices of adjacent
elements) exist must be treated specially. It is possible to treat these zones with quadratic
shape functions or by continuously updating the virtual nodes with interpolated values.
24
Implementing
The process of adaptation begins with the finite element solver being run for some 
time, usually until some of the important features in the physics are being resolved or until 
a predetermined amount of residual error is achieved.
Determining the location of mesh refinement is usually done with either an a 
posteriori error estimator or by specifying the location o f flow features.
A  Posteriori Error
A posteriori error estimators are generally complex and typically require the 
development of second order derivatives and a least squares method to obtain an 
approximation of the true derivatives [Pelletier and Hetu, 1993], Other a posteriori error 
estimators exist for elliptic equations where the norms of the gradients over the domain 
are compared to the norm of the smoothed values of the gradients over the domain. The 
smoothing process requires the solution of another set of linear matrix equations, which 
takes considerable time [Haung and Usmani, 1994],
Flow Features
Analyzing flow features provides the location for element enrichment and is the 
trigger for adaptation used in this research. Flow features are found by inspecting 
gradients across each element and relating each gradient to a normalized value found from 
inspecting the entire gradient field.
Taking the first difference o f the velocity and pressure gradients over each 
element produces the velocity gradient across that element. If heat and mass transport are 
present, the first difference of these quantities is also calculated. For tri-linear elements
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the first difference is the maximum value found of the difference between the nodes of 
each side o f the hexahedral element, i.e.
Mesh refinement proceeds on those elements which have an A* or “switch” value 
greater than a predetermined value. Mesh recovery can occur if the element’s “switch” 
value is greater than a critical value. The critical values are usually determined by trial an 
error. The magnitude of these values determines the extent to which features are resolved. 
If any one feature is more dominant over another then only that feature may receive 
refinement if the threshold value for refinement is high enough.
Adaptive Process
The adaptive process includes main features of: division and recovery of elements 
and the removal of holes in the grid after dividing and recovering. The h-adaptive process 
written for this research is illustrated in Fig. 5.
A e ' =  m ax(|v , -  v 2|,|
lv3 -  V4 Mv4 -  V8|,(v5 -
where V; is the i-th nodal value of feature in question.
The mean and standard deviation are computed next for all the quantities:
A normalized quantity is found by:
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Figure 6) h-Adaptive M ethod fo r  Unstructured Finite Element Grids
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Division
After finding which elements need refinement, division occurs by adding nodes in 
locations where nodes are not present but need to be added. The connectivity of the 
existing and added nodes are brought into the element’s nodal array and connectivity is 
defined. All adjacent elements are updated to hold the new children. The parent element is 
updated to hold the children. Levels of adaptation are increased. After the refinements are 
performed the mesh is scanned for elements to recover.
Recovery
One significant feature o f this adaptive process is its ability to restore a mesh to 
original configuration in locations where a passing steep gradient, or front, has moved or 
where oscillatory features have dampened. Recovery occurs by removing nodes. All 
arrays are again processed to remove nodes and elements.
Holes
Before rebuilding the mesh geometry and interpolating the state variables on the 
virtual nodes, the grid is scanned for holes. Holes are locations in the refinement where 
there exist unrefined elements surrounded by refined elements on at least 3 sides. 
Eliminating holes maintains the uniformity of an advancing front and reduces the number 
of virtual nodes. Because eliminating a hole may create a new hole, the process is 
repeated until all holes have been eliminated (see Fig. 6).
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H O L E
1 n
Figure 7) Definition o f  a Mesh Hole
Interpolation
State variables and flux values at virtual nodes are determined as a linear 
interpolation of the values at adjoining nodes [Shapiro, 1988], For divisions occurring at 
the center of sides, this value is just an average.
Control
The amount of time spent recalculating the indexed skyline vector form of the 
stiffness matrix can become significant. When an iterative method, such as the bi­
conjugate gradient method, is introduced into the solver, the process of matrix inversion is 
eliminated. To minimize computational time and maximize resolution, a dynamic process 
o f adaptive control needs to be developed.
CHAPTER 6
3-DIMENSIONAL h-ADAPTATION
What follows is a description of the fundamental concepts in the computer 
program developed for the research. Adaptation by embedding is required to follow some 
specific rules established by Price and Oden [Price and Oden, 1988], These rules are 
presented below.
Elemental Rules
*An element may be refined when its neighbors are at an equal or higher level of 
division. This pertains only to neighbors on the faces of an element.
♦Refinement must occur from least levels of adaptation to the highest levels.
♦Recovery or unrefining can only occur on elements which have only one set of 
siblings.
♦Recovery must occur on elements with the greatest level of refinement to the 
least level.
♦Recovery can only proceed on elements that have face neighbors with an equal 
or less level of refinement.
Nodal Rules
♦A virtual node can be a vertex to no more than four elements.
♦No more than one virtual node can be found per side plane intersection. This is a 
result o f the level of an element’s adaptation requirements
♦A node which is created along a boundary as a result of adaptation is not a virtual 
node.
♦A virtual node exists if a neighbor element on an adjoining face has a level of 
adaptation not equal to the level o f the element in question unless that node is a 
vertices of any element found sharing a side or plane intersection.
♦A node is created during division or embedding if the level of adaptation of any 
elements found on adjoining faces or on the intersection of planes formed by 
element sides is of an equal level to that the element being divided.
♦A virtual node will be eliminated during recovery.
♦A node will be eliminated during recovery if the level of adaptation of any 
elements found on adjoining faces or on the intersection of planes formed by 




Most of these rules can be illustrated utilizing a two dimensional drawing. 
Extrapolating to three dimensions is accomplished by allowing the sides of a two 
dimensional element to be the intersection of two planes formed by two sides o f a three 
dimensional hexahedral element. Then instead of four sides in the two dimensional 
quadrilateral, there are six with a total of 12 intersecting planes. It is extremely important 
when embedding or recovering embedded elements (when creating and removing nodes or 
seeking virtual nodes) to look at the level of the element on the face and also the level of 
those elements which reside on the intersection of planes.
Keeping this in mind, it is easy to follow the sequence of adaptation as shown in 
Fig. 7. Element ‘D ’ is divided and virtual nodes are created on the interior share sides 
and share side plane intersection. In the end view of Fig. 7, only two of the virtual nodes 
are visible. These nodes remain ‘virtual’ until ‘C’ is divided. Element ‘C’ shares these 
nodes as shown; therefore, it is not necessary to create these vertices to divide ‘C \
It becomes apparent that many one, two, and three dimensional arrays are needed 
in the computer code to keep track of neighbors, parents and children elements, and their 
levels of adaptation. A parent is the original element and has a level o f adaptation of zero. 
A child, as shown by element ‘ 1 ’, has level one adaptation. There exists an array to keep 
track of its neighbors and all neighbors of both parent and children elements. There is an 
array to keep track o f virtual nodes. There is also an array to keep track o f boundary 
nodes, along with an array storing elements flagged for division and recovery.
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As adaptation proceeds from line ‘a’ through line V  in Fig. 7, adaptation reaches 
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APPLICATIONS TO SPECIES 
TRANSPORT
A solution to a time dependent scalar transport equation for a constant volumetric 
source being advected and diffused in a duct is present below. The transport is solved 
with the use of a solution to the time-dependent dimensionless momentum equations. This 
is an effective method of solution for scalar transport equations which do not affect the 
solution of the momentum field, i.e., for uncoupled scalar quantities. Examples of these 
types of scalar quantities would be dust or other inert pollutants.
The h-adaptive method is very useful for the above types of problems. The 
solution to the transport of a species source is difficult to anticipate. The adaptive scheme 
is particularly useful if the location of the source term is not known prior to the 
development of the finite element grid. In atmospheric releases, for example, this is 
surely the case. Complete dispersion would occur in the time it would take to develop an 
unstructured grid fine enough to accurately predict a pollutant’s trajectory.
The problem presented is for a coarse grid of 952 nodes and 672 elements 
representing a flow in a duct at Reynolds number 800. After the momentum solution has 
converged (all residual values less than 10'4 in the channel), a restart file is created 
containing velocities and pressures for the domain. Transport begins by loading the 
unstructured grid data file used in the momentum solution with the inclusion of a constant 
source term. The solver is restarted and continues until a user specified monitoring time is
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over. It is possible to discontinue the source emission(s) and continue species transport 
prediction for any amount o f time.
The problem is solved using just the coarse mesh and also with h-adaptation. A 
comparison is presented between the solutions. It is clearly evident that processing time 
increases with increasing refinement. Solving the time-dependent momentum equations 
and then the transport problem on a globally fine grid would require larger amounts of 
memory and at least equal amounts of processing time as the adaptive method of solution. 
The time to generate a globally fine mesh generally requires an extraordinary amount of 
effort, and may not be appropriate once a solution is attempted. Several remeshings are 
usually required before an acceptable mesh is established.
The problem was run with the vectorizing option on a CRAY Y-MP/ 2-216 
Supercomputer at the National Supercomputing Center for Energy and the Environment, 
located at the University o f Nevada, Las Vegas. Utilizing only a few adaptations, the 
problem was also small enough to run on a 90MHz Intel Pentium® personal computer 
with 16 megabytes of RAM - when the array size was adjusted to fit the problem size. 
Memory required on the Cray YM-P was about 9 megawords - roughly 72 megabytes. 
Supercomputer memory requirements did not show any increase for the adaptive solution 
over the coarse grid since the arrays were presented to the machine as a fixed size large 
enough to solve all scenarios that the machine has memory enough to process. This 




In Fig. 11 the duct is represented by a coarse grid of width 6, a height of I, and 
length of 30. These are non-dimensional lengths as is consistent with the use o f non- 
dimensional Navier-Stokes Equations. The parameters for the problem are given in 
Appendix B.
xMymteww/m
Figtire 12) Unstructured Grid o f  Channel
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Momentum
The solution to the momentum equations is presented in Figs. 12 and 13 below. In Fig. 12
the velocities shown are in the y symmetry plane. In Fig. 13 the pressures are presented is
full view.




Figure 13) Velocity vectors for test channel
Pressure in Test Channel
P: 0.02 0.06 0.09 0.13 0.17 0.20 0.24 CL28
Figure 14) Pressure in Test Channel
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Species Transport
The solution to the transport problem on the coarse mesh is presented in Figs. 14 
and 15. The source is placed near the center of the duct. Monitoring and release times 
were about 3 seconds. It is important to notice the dispersive noise surrounding the 
source location, shown as black.
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Figure 16) Species Concentration without Adaptation
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With the use o f adaptation this dispersion is significantly reduced because of the refined 








Figure 17) Species Concentration with Adaptation
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Adapted Grid
Finally in Fig. 17, the adapted grid is presented. At the end of the monitoring time 
the domain is defined by 1654 nodes and 1184 elements. This is an increase of 702 nodes 
and 512 elements.
n
Figure 18) Unstructured Grid After Adaptation
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A globally fine grid having equal node density as the adapted mesh would have 
required about 17,000 nodes. This represents a 90 percent savings in computations over 
the globally fine mesh if we consider only computations associated with marching the 
solution forward in time. Some reduction to the computational savings must be made 
since it is essential to interpolate variable values at virtual nodes for each time step and 
also to rebuild the stiffness matrix and boundary condition arrays.
Attaining a species transport solution of the type presented requires careful 
assessment of the time step based on the Courant stability requirements used in the 
solution of the momentum and species transport equations. Severe computational and 
dispersive noise can occur if both the momentum and species transport equations are 
solved simultaneously. This dispersive error associated with species transport is reduced if 
the diffustivity o f the species is on the order of the magnitude as the Reynolds number. 
Additional work needs to be conducted for correctly assessing the stability and error 
associated with the species transport equation.
Recovery of elements occurs when the solution is run beyond the emission time 
and the plume begins to disperse away from the source location. The above 
demonstration clearly illustrates the usefulness of the adaptive method. Future work and 
program constraints are reiterated in the following concluding section.
CHAPTER 8 
CONCLUSIONS
The adaptive method introduces linear interpolations of variables across elements 
where a nonlinear relationship may actually exist, introducing the possibility of spikes in 
the solution surface. Also, the explicit formulation of the time dependent terms forces the 
optimized stability requirements to lag the solution by one time step. This can cause a 
violation in Courant and Reynolds cell number stability constraints for one step after grid 
adaptation occurs when using adaptation to solve the Navier-Stokes equations. 
Divergence of the solution appears to occur after violation of stability. To decrease the 
residual error which is initially introduced into the solution domain upon adaptation, a 
fairly fine grid must initially be present for viscous flows. To maintain time stability the 
search for an optimum time step should be developed prior to solving for time dependent 
terms.
When an iterative solution method is applied to the solver, replacing the Cholesky 
skyline back-substitution method now used, reduction in memory requirements and turn 
around times will make it feasible to achieve further progress on the solution of the 
momentum equations with the use on the h-adaptive method. At this time it is difficult to 
assess exactly what the limitations o f the adaptive scheme are because of the limitations in 
memory, the solver, and the desire for reasonable turn around times on PC level machines. 
It is clear, however, that h-adaptive methods have a place in the solution of nonlinear 
elliptic equations. Implementation of the algorithm for species transport on a converged 
momentum solution is shown to be an effective method to improve transport prediction.
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APPENDIX A 
SOURCE CODE SPECIFICATIONS 
Where to obtain source listings
The source codes are proprietary and inquires to their availability should directed
to:
Dr. Darrell Pepper
Department o f Mechanical Engineering 
University of Nevada, Las Vegas 
4505 South Maryland Parkway 
Las Vegas, NV 89154-4027
Code Language Specifications and Compatible Compilers
The source code is written in FORTRAN 77 and runs on the Microsoft compiler, 
GNU FORTRAN 77 compilers for UNIX operating systems, the Cray FORTRAN 77 
compiler, and FORTRAN compilers for Sun-Spare and SGI workstations.
The 3-D adaptive code is approximately 4000 lines of source code and the FEM 
solver is about 3000 lines of source code. They are currently configured to handle 6001 
elements and nodes.
Compiler options for the Microsoft platform were: /4Y a, 4Yb, /G4, /Ge, /Ox, 
/Op, /Zi. The linker had heap and stack sizes of 8000. The compiler option for the Cray 
YM-P was the -Zv vectorizing option.
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APPENDIX B
INPUT DATA FOR SPECIES TRANSPORT
Parameter File
Parameter File for WIND3D 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * $ * * * * * * > ! < * * * * * * * * * * * * * *
FILENAMES INFORMATION





** * * * * *** * *** * * **** * *** * ** ***** * * * ** ** ** * ** *+* * * * * * ** * **** * * *** * +* * *
8 No. Gauss Points NGAUS
8 No. Nodes/Element NUMN
0 Echo Input File(0/1)
1 Restart File(0/1) NRESET
100 Residual Print Interval
2100 Max No. Iterations (seconds) NSTOP
2 NTYPE
.001 Time Step (seconds) DT




IE-6 D (Difliistivity of Species)
1 Ipetrv Upwinding(0/1)
MESH ADAPTATION PARAMETERS
** * * He * * * * * * * * * * * * * * * * * * * * * * * * * * * % 4c * * * * * * * * * + * * * * t|C * * * * * * * * * * * * * **
0 Mesh Adaptation(0/1)
2 Max No. Levels
55 Max No. Refinements
55 Min Threshold for Division Restrat
2.0E-03 Refine Error Limit
.85 Upper Refinement Factor
.2 Lower Refinement Factor
1350 Minimum Adaptation Interval
3000 Release Duration
3000 Monitoring Time
***** n o t e s  *****
A VALUE OF 0=NO AND A 1=YES
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Input File for Species Transport in a Duct
chanmeddat 
952 672
1 .0000 .0000 .0000
2 1.5000 .0000 .0000
3 3.0000 .0000 .0000
4 4.5000 .0000 .0000
5 6.0000 .0000 .0000
6 7.5000 .0000 .0000
7 .0000 .8571 .0000
8 1.5000 .8571 .0000
9 3.0000 .8571 .0000
10 4.5000 .8571 .0000
11 6.0000 .8571 .0000
12 7.5000 .8571 .0000
13 .0000 1.7143 .0000
14 1.5000 1.7143 .0000
15 3.0000 1.7143 .0000
16 4.5000 1.7143 .0000
17 6.0000 1.7143 .0000
18 7.5000 1.7143 .0000
19 .0000 2.5714 .0000
20 1.5000 2.5714 .0000
21 3.0000 2.5714 .0000
22 4.5000 2.5714 .0000
23 6.0000 2.5714 .0000
24 7.5000 2.5714 .0000
25 .0000 3.4286 .0000
26 1.5000 3.4286 .0000
27 3.0000 3.4286 .0000
28 4.5000 3.4286 .0000
29 6.0000 3.4286 .0000
30 7.5000 3.4286 .0000
31 .0000 4.2857 .0000
32 1.5000 4.2857 .0000
33 3.0000 4.2857 .0000
34 4.5000 4.2857 .0000
35 6.0000 4.2857 .0000
36 7.5000 4.2857 .0000
37 .0000 5.1429 .0000
38 1.5000 5.1429 .0000
39 3.0000 5.9991429 .0000
40 4.5000 5.1429 .0000
41 6.0000 5.1429 .0000
42 7.5000 5.1429 .0000
43 .0000 6.0000 .0000
44 1.5000 6.0000 .0000
45 3.0000 6.0000 .0000
46 4.5000 6.0000 .0000
47 6.0000 6.0000 .0000
48 7.5000 6.0000 .0000
48
49 .0000 .0000 .1667
50 1.5000 .0000 .1667
51 3.0000 .0000 .1667
52 4.5000 .0000 .1667
53 6.0000 .0000 .1667
54 7.5000 .0000 .1667
55 .0000 .8571 .1667
56 1.5000 .8571 .1667
57 3.0000 .8571 .1667
58 4.5000 .8571 .1667
59 6.0000 .8571 .1667
60 7.5000 .8571 .1667
61 .0000 1.7143 .1667
62 1.5000 1.7143 .1667
63 3.0000 1.7143 .1667
64 4.5000 1.7143 .1667
65 6.0000 1.7143 .1667
66 7.5000 1.7143 .1667
67 .0000 2.5714 .1667
68 1.5000 2.5714 .1667
69 3.0000 2.5714 .1667
70 4.5000 2.5714 .1667
71 6.0000 2.5714 .1667
72 7.5000 2.5714 .1667
73 .0000 3.4286 .1667
74 1.5000 3.4286 .1667
75 3.0000 3.4286 .1667
76 4.5000 3.4286 .1667
77 6.0000 3.4286 .1667
78 7.5000 3.4286 .1667
79 .0000 4.2857 .1667
80 1.5000 4.2857 .1667
81 3.0000 4.2857 .1667
82 4.5000 4.2857 .1667
83 6.0000 4.2857 .1667
84 7.5000 4.2857 .1667
85 .0000 5.1429 .1667
86 1.5000 5.1429 .1667
87 3.0000 5.1429 .1667
88 4.5000 5.1429 .1667
89 6.0000 5.1429 .1667
90 7.5000 5.1429 .1667
91 .0000 6.0000 .1667
92 1.5000 6.0000 .1667
93 3.0000 6.0000 .1667
94 4.5000 6.0000 .1667
95 6.0000 6.0000 .1667
96 7.5000 6.0000 .1667
97 .0000 .0000 .3333
98 1.5000 .0000 .3333
99 3.0000 .0000 .3333
100 4.5000 .0000 .3333
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101 6.0000 .0000 .3333
102 7.5000 .0000 .3333
103 .0000 .8571 .3333
104 1.5000 .8571 .3333
105 3.0000 .8571 .3333
106 4.5000 .8571 .3333
107 6.0000 .8571 .3333
108 7.5000 .8571 .3333
109 .0000 1.7143 .3333
110 1.5000 1.7143 .3333
111 3.0000 1.7143 .3333
112 4.5000 1.7143 .3333
113 6.0000 1.7143 .3333
114 7.5000 1.7143 .3333
115 .0000 2.5714 .3333
116 1.5000 2.5714 .3333
117 3.0000 2.5714 .3333
118 4.5000 2.5714 .3333
119 6.0000 2.5714 .3333
120 7.5000 2.5714 .3333
121 .0000 3.4286 .3333
122 1.5000 3.4286 .3333
123 3.0000 3.4286 .3333
124 4.5000 3.4286 .3333
125 6.0000 3.4286 .3333
126 7.5000 3.4286 .3333
127 .0000 4.2857 .3333
128 1.5000 4.2857 .3333
129 3.0000 4.2857 .3333
130 4.5000 4.2857 .3333
131 6.0000 4.2857 .3333
132 7.5000 4.2857 .3333
133 .0000 5.1429 .3333
134 1.5000 5.1429 .3333
135 3.0000 5.1429 .3333
136 4.5000 5.1429 .3333
137 6.0000 5.1429 .3333
138 7.5000 5.1429 .3333
139 .0000 6.0000 .3333
140 1.5000 6.0000 .3333
141 3.0000 6.0000 .3333
142 4.5000 6.0000 .3333
143 6.0000 6.0000 .3333
144 7.5000 6.0000 .3333
145 .0000 .0000 .5000
146 1.5000 .0000 .5000
147 3.0000 .0000 .5000
148 4.5000 .0000 .5000
149 6.0000 .0000 .5000
150 7.5000 .0000 .5000
151 .0000 .8571 .5000
152 1.5000 .8571 .5000
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153 3.0000 .8571 .5000
154 4.5000 .8571 .5000
155 6.0000 .8571 .5000
156 7.5000 .8571 .5000
157 .0000 1.7143 .5000
158 1.5000 1.7143 .5000
159 3.0000 1.7143 .5000
160 4.5000 1.7143 .5000
161 6.0000 1.7143 .5000
162 7.5000 1.7143 .5000
163 .0000 2.5714 .5000
164 1.5000 2.5714 .5000
165 3.0000 2.5714 .5000
166 4.5000 2.5714 .5000
167 6.0000 2.5714 .5000
168 7.5000 2.5714 .5000
169 .0000 3.4286 .5000
170 1.5000 3.4286 .5000
171 3.0000 3.4286 .5000
172 4.5000 3.4286 .5000
173 6.0000 3.4286 .5000
174 7.5000 3.4286 .5000
175 .0000 4.2857 .5000
176 1.5000 4.2857 .5000
177 3.0000 4.2857 .5000
178 4.5000 4.2857 .5000
179 6.0000 4.2857 .5000
180 7.5000 4.2857 .5000
181 .0000 5.1429 .5000
182 1.5000 5.1429 .5000
183 3.0000 5.1429 .5000
184 4.5000 5.1429 .5000
185 6.0000 5.1429 .5000
186 7.5000 5.1429 .5000
187 .0000 6.0000 .5000
188 1.5000 6.0000 .5000
189 3.0000 6.0000 .5000
190 4.5000 6.0000 .5000
191 6.0000 6.0000 .5000
192 7.5000 6.0000 .5000
193 .0000 .0000 .6667
194 1.5000 .0000 .6667
195 3.0000 .0000 .6667
196 4.5000 .0000 .6667
197 6.0000 .0000 .6667
198 7.5000 .0000 .6667
199 .0000 .8571 .6667
200 1.5000 .8571 .6667
201 3.0000 .8571 .6667
202 4.5000 .8571 .6667
203 6.0000 .8571 .6667
204 7.5000 .8571 .6667
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205 .0000 1.7143 .6667
206 1.5000 1.7143 .6667
207 3.0000 1.7143 .6667
208 4.5000 1.7143 .6667
209 6.0000 1.7143 .6667
210 7.5000 1.7143 .6667
211 .0000 2.5714 .6667
212 1.5000 2.5714 .6667
213 3.0000 2.5714 .6667
214 4.5000 2.5714 .6667
215 6.0000 2.5714 .6667
216 7.5000 2.5714 .6667
217 .0000 3.4286 .6667
218 1.5000 3.4286 .6667
219 3.0000 3.4286 .6667
220 4.5000 3.4286 .6667
221 6.0000 3.4286 .6667
222 7.5000 3.4286 .6667
223 .0000 4.2857 .6667
224 1.5000 4.2857 .6667
225 3.0000 4.2857 .6667
226 4.5000 4.2857 .6667
227 6.0000 4.2857 .6667
228 7.5000 4.2857 .6667
229 .0000 5.1429 .6667
230 1.5000 5.1429 .6667
231 3.0000 5.1429 .6667
232 4.5000 5.1429 .6667
233 6.0000 5.1429 .6667
234 7.5000 5.1429 .6667
235 .0000 6.0000 .6667
236 1.5000 6.0000 .6667
237 3.0000 6.0000 .6667
238 4.5000 6.0000 .6667
239 6.0000 6.0000 .6667
240 7.5000 6.0000 .6667
241 .0000 .0000 .8333
242 1.5000 .0000 .8333
243 3.0000 .0000 .8333
244 4.5000 .0000 .8333
245 6.0000 .0000 .8333
246 7.5000 .0000 .8333
247 .0000 .8571 .8333
248 1.5000 .8571 .8333
249 3.0000 .8571 .8333
250 4.5000 .8571 .8333
251 6.0000 .8571 .8333
252 7.5000 .8571 .8333
253 .0000 1.7143 .8333
254 1.5000 1.7143 .8333
255 3.0000 1.7143 .8333
256 4.5000 1.7143 .8333
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257 6.0000 1.7143 .8333
258 7.5000 1.7143 .8333
259 .0000 2.5714 .8333
260 1.5000 2.5714 .8333
261 3.0000 2.5714 .8333
262 4.5000 2.5714 .8333
263 6.0000 2.5714 .8333
264 7.5000 2.5714 .8333
265 .0000 3.4286 .8333
266 1.5000 3.4286 .8333
267 3.0000 3.4286 .8333
268 4.5000 3.4286 .8333
269 6.0000 3.4286 .8333
270 7.5000 3.4286 .8333
271 .0000 4.2857 .8333
272 1.5000 4.2857 .8333
273 3.0000 4.2857 .8333
274 4.5000 4.2857 .8333
275 6.0000 4.2857 .8333
276 7.5000 4.2857 .8333
277 .0000 5.1429 .8333
278 1.5000 5.1429 .8333
279 3.0000 5.1429 .8333
280 4.5000 5.1429 .8333
281 6.0000 5.1429 .8333
282 7.5000 5.1429 .8333
283 .0000 6.0000 .8333
284 1.5000 6.0000 .8333
285 3.0000 6.0000 .8333
286 4.5000 6.0000 .8333
287 6.0000 6.0000 .8333
288 7.5000 6.0000 .8333
289 .0000 .0000 1.0000
290 1.5000 .0000 1.0000
291 3.0000 .0000 1.0000
292 4.5000 .0000 1.0000
293 6.0000 .0000 1.0000
294 7.5000 .0000 1.0000
295 .0000 .8571 1.0000
296 1.5000 .8571 1.0000
297 3.0000 .8571 1.0000
298 4.5000 .8571 1.0000
299 6.0000 .8571 1.0000
300 7.5000 .8571 1.0000
301 .0000 1.7143 1.0000
302 1.5000 1.7143 1.0000
303 3.0000 1.7143 1.0000
304 4.5000 1.7143 1.0000
305 6.0000 1.7143 1.0000
306 7.5000 1.7143 1.0000
307 .0000 2.5714 1.0000
308 1.5000 2.5714 1.0000
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309 3.0000 2.5714 1.0000
310 4.5000 2.5714 1.0000
311 6.0000 2.5714 1.0000
312 7.5000 2.5714 1.0000
313 .0000 3.4286 1.0000
314 1.5000 3.4286 1.0000
315 3.0000 3.4286 1.0000
316 4.5000 3.4286 1.0000
317 6.0000 3.4286 1.0000
318 7.5000 3.4286 1.0000
319 .0000 4.2857 1.0000
320 1.5000 4.2857 1.0000
321 3.0000 4.2857 1.0000
322 4.5000 4.2857 1.0000
323 6.0000 4.2857 1.0000
324 7.5000 4.2857 1.0000
325 .0000 5.1429 1.0000
326 1.5000 5.1429 1.0000
327 3.0000 5.1429 1.0000
328 4.5000 5.1429 1.0000
329 6.0000 5.1429 1.0000
330 7.5000 5.1429 1.0000
331 .0000 6.0000 1.0000
332 1.5000 6.0000 1.0000
333 3.0000 6.0000 1.0000
334 4.5000 6.0000 1.0000
335 6.0000 6.0000 1.0000
336 7.5000 6.0000 1.0000
337 9.0000 .0000 .0000
338 10.5000 .0000 .0000
339 12.0000 .0000 .0000
340 13.5000 .0000 .0000
341 15.0000 .0000 .0000
342 9.0000 .8571 .0000
343 10.5000 .8571 .0000
344 12.0000 .8571 .0000
345 13.5000 .8571 .0000
346 15.0000 .8571 .0000
347 9.0000 1.7143 .0000
348 10.5000 1.7143 .0000
349 12.0000 1.7143 .0000
350 13.5000 1.7143 .0000
351 15.0000 1.7143 .0000
352 9.0000 2.5714 .0000
353 10.5000 2.5714 .0000
354 12.0000 2.5714 .0000
355 13.5000 2.5714 .0000
356 15.0000 2.5714 .0000
357 9.0000 3.4286 .0000
358 10.5000 3.4286 .0000
359 12.0000 3.4286 .0000
360 13.5000 3.4286 .0000
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361 15.0000 3.4286 .0000
362 9.0000 4.2857 .0000
363 10.5000 4.2857 .0000
364 12.0000 4.2857 .0000
365 13.5000 4.2857 .0000
366 15.0000 4.2857 .0000
367 9.0000 5.1429 .0000
368 10.5000 5.1429 .0000
369 12.0000 5.1429 .0000
370 13.5000 5.1429 .0000
371 15.0000 5.1429 .0000
372 9.0000 6.0000 .0000
373 10.5000 6.0000 .0000
374 12.0000 6.0000 .0000
375 13.5000 6.0000 .0000
376 15.0000 6.0000 .0000
377 9.0000 .0000 .1667
378 10.5000 .0000 .1667
379 12.0000 .0000 .1667
380 13.5000 .0000 .1667
381 15.0000 .0000 .1667
382 9.0000 .8571 .1667
383 10.5000 .8571 .1667
384 12.0000 .8571 .1667
385 13.5000 .8571 .1667
386 15.0000 .8571 .1667
387 9.0000 1.7143 .1667
388 10.5000 1.7143 .1667
389 12.0000 1.7143 .1667
390 13.5000 1.7143 .1667
391 15.0000 1.7143 .1667
392 9.0000 2.5714 .1667
393 10.5000 2.5714 .1667
394 12.0000 2.5714 .1667
395 13.5000 2.5714 .1667
396 15.0000 2.5714 .1667
397 9.0000 3.4286 .1667
398 10.5000 3.4286 .1667
399 12.0000 3.4286 .1667
400 13.5000 3.4286 .1667
401 15.0000 3.4286 .1667
402 9.0000 4.2857 .1667
403 10.5000 4.2857 .1667
404 12.0000 4.2857 .1667
405 13.5000 4.2857 .1667
406 15.0000 4.2857 .1667
407 9.0000 5.1429 .1667
408 10.5000 5.1429 .1667
409 12.0000 5.1429 .1667
410 13.5000 5.1429 .1667
411 15.0000 5.1429 .1667
412 9.0000 6.0000 .1667
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413 10.5000 6.0000 .1667
414 12.0000 6.0000 .1667
415 13.5000 6.0000 .1667
416 15.0000 6.0000 .1667
417 9.0000 .0000 .3333
418 10.5000 .0000 .3333
419 12.0000 .0000 .3333
420 13.5000 .0000 .3333
421 15.0000 .0000 .3333
422 9.0000 .8571 .3333
423 10.5000 .8571 .3333
424 12.0000 .8571 .3333
425 13.5000 .8571 .3333
426 15.0000 .8571 .3333
427 9.0000 1.7143 .3333
428 10.5000 1.7143 .3333
429 12.0000 1.7143 .3333
430 13.5000 1.7143 .3333
431 15.0000 1.7143 .3333
432 9.0000 2.5714 .3333
433 10.5000 2.5714 .3333
434 12.0000 2.5714 .3333
435 13.5000 2.5714 .3333
436 15.0000 2.5714 .3333
437 9.0000 3.4286 .3333
438 10.5000 3.4286 .3333
439 12.0000 3.4286 .3333
440 13.5000 3.4286 .3333
441 15.0000 3.4286 .3333
442 9.0000 4.2857 .3333
443 10.5000 4.2857 .3333
444 12.0000 4.2857 .3333
445 13.5000 4.2857 .3333
446 15.0000 4.2857 .3333
447 9.0000 5.1429 .3333
448 10.5000 5.1429 .3333
449 12.0000 5.1429 .3333
450 13.5000 5.1429 .3333
451 15.0000 5.1429 .3333
452 9.0000 6.0000 .3333
453 10.5000 6.0000 .3333
454 12.0000 6.0000 .3333
455 13.5000 6.0000 .3333
456 15.0000 6.0000 .3333
457 9.0000 .0000 .5000
458 10.5000 .0000 .5000
459 12.0000 .0000 .5000
460 13.5000 .0000 .5000
461 15.0000 .0000 .5000
462 9.0000 .8571 .5000
463 10.5000 .8571 .5000
464 12.0000 .8571 .5000
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465 13.5000 .8571 .5000
466 15.0000 .8571 .5000
467 9.0000 1.7143 .5000
468 10.5000 1.7143 .5000
469 12.0000 1.7143 .5000
470 13.5000 1.7143 .5000
471 15.0000 1.7143 .5000
472 9.0000 2.5714 .5000
473 10.5000 2.5714 .5000
474 12.0000 2.5714 .5000
475 13.5000 2.5714 .5000
476 15.0000 2.5714 .5000
477 9.0000 3.4286 .5000
478 10.5000 3.4286 .5000
479 12.0000 3.4286 .5000
480 13.5000 3.4286 .5000
481 15.0000 3.4286 .5000
482 9.0000 4.2857 .5000
483 10.5000 4.2857 .5000
484 12.0000 4.2857 .5000
485 13.5000 4.2857 .5000
486 15.0000 4.2857 .5000
487 9.0000 5.1429 .5000
488 10.5000 5.1429 .5000
489 12.0000 5.1429 .5000
490 13.5000 5.1429 .5000
491 15.0000 5.1429 .5000
492 9.0000 6.0000 .5000
493 10.5000 6.0000 .5000
494 12.0000 6.0000 .5000
495 13.5000 6.0000 .5000
496 15.0000 6.0000 .5000
497 9.0000 .0000 .6667
498 10.5000 .0000 .6667
499 12.0000 .0000 .6667
500 13.5000 .0000 .6667
501 15.0000 .0000 .6667
502 9.0000 .8571 .6667
503 10.5000 .8571 .6667
504 12.0000 .8571 .6667
505 13.5000 .8571 .6667
506 15.0000 .8571 .6667
507 9.0000 1.7143 .6667
508 10.5000 1.7143 .6667
509 12.0000 1.7143 .6667
510 13.5000 1.7143 .6667
511 15.0000 1.7143 .6667
512 9.0000 2.5714 .6667
513 10.5000 2.5714 .6667
514 12.0000 2.5714 .6667
515 13.5000 2.5714 .6667
516 15.0000 2.5714 .6667
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517 9.0000 3.4286 .6667
518 10.5000 3.4286 .6667
519 12.0000 3.4286 .6667
520 13.5000 3.4286 .6667
521 15.0000 3.4286 .6667
522 9.0000 4.2857 .6667
523 10.5000 4.2857 .6667
524 12.0000 4.2857 .6667
525 13.5000 4.2857 .6667
526 15.0000 4.2857 .6667
527 9.0000 5.1429 .6667
528 10.5000 5,1429 .6667
529 12.0000 5.1429 .6667
530 13.5000 5.1429 .6667
531 15.0000 5.1429 .6667
532 9.0000 6.0000 .6667
533 10.5000 6.0000 .6667
534 12.0000 6.0000 .6667
535 13.5000 6.0000 .6667
536 15.0000 6.0000 .6667
537 9.0000 .0000 .8333
538 10.5000 .0000 .8333
539 12.0000 .0000 .8333
540 13.5000 .0000 .8333
541 15.0000 .0000 .8333
542 9.0000 .8571 .8333
543 10.5000 .8571 .8333
544 12.0000 .8571 .8333
545 13.5000 .8571 .8333
546 15.0000 .8571 .8333
547 9.0000 1.7143 .8333
548 10.5000 1.7143 .8333
549 12.0000 1.7143 .8333
550 13.5000 1.7143 .8333
551 15.0000 1.7143 .8333
552 9.0000 2.5714 .8333
553 10.5000 2.5714 .8333
554 12.0000 2.5714 .8333
555 13.5000 2.5714 .8333
556 15.0000 2.5714 .8333
557 9.0000 3.4286 .8333
558 10.5000 3.4286 .8333
559 12.0000 3.4286 .8333
560 13.5000 3.4286 .8333
561 15.0000 3.4286 .8333
562 9.0000 4.2857 .8333
563 10.5000 4.2857 .8333
564 12.0000 4.2857 .8333
565 13.5000 4.2857 .8333
566 15.0000 4.2857 .8333
567 9.0000 5.1429 .8333
568 10.5000 5.1429 .8333
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569 12.0000 5.1429 .8333
570 13.5000 5.1429 .8333
571 15.0000 5.1429 .8333
572 9.0000 6.0000 .8333
573 10.5000 6.0000 .8333
574 12.0000 6.0000 .8333
575 13.5000 6.0000 .8333
576 15.0000 6.0000 .8333
577 9.0000 .0000 1.0000
578 10.5000 .0000 1.0000
579 12.0000 .0000 1.0000
580 13.5000 .0000 1.0000
581 15.0000 .0000 1.0000
582 9.0000 .8571 1.0000
583 10.5000 .8571 1.0000
584 12.0000 .8571 1.0000
585 13.5000 .8571 1.0000
586 15.0000 .8571 1.0000
587 9.0000 1.7143 1.0000
588 10.5000 1.7143 1.0000
589 12.0000 1.7143 1.0000
590 13.5000 1.7143 1.0000
591 15.0000 1.7143 1.0000
592 9.0000 2.5714 1.0000
593 10.5000 2.5714 1.0000
594 12.0000 2.5714 1.0000
595 13.5000 2.5714 1.0000
596 15.0000 2.5714 1.0000
597 9.0000 3.4286 1.0000
598 10.5000 3.4286 1.0000
599 12.0000 3.4286 1.0000
600 13.5000 3.4286 1.0000
601 15.0000 3.4286 1.0000
602 9.0000 4.2857 1.0000
603 10.5000 4.2857 1.0000
604 12.0000 4.2857 1.0000
605 13.5000 4.2857 1.0000
606 15.0000 4.2857 1.0000
607 9.0000 5.1429 1.0000
608 10.5000 5.1429 1.0000
609 12.0000 5.1429 1.0000
610 13.5000 5.1429 1.0000
611 15.0000 5.1429 1.0000
612 9.0000 6.0000 1.0000
613 10.5000 6.0000 1.0000
614 12.0000 6.0000 1.0000
615 13.5000 6.0000 1.0000
616 15.0000 6.0000 1.0000
617 17.5000 .0000 .0000
618 20.0000 .0000 .0000
619 22.5000 .0000 .0000
























































































































































































































































































































































































































































































































































































































































933 27.5000 .8571 1.0000
934 30.0000 .8571 1.0000
935 25.0000 1.7143 1.0000
936 27.5000 1.7143 1.0000
937 30.0000 1.7143 1.0000
938 25.0000 2.5714 1.0000
939 27.5000 2.5714 1.0000
940 30.0000 2.5714 1.0000
941 25.0000 3.4286 1.0000
942 27.5000 3.4286 1.0000
943 30.0000 3.4286 1.0000
944 25.0000 4.2857 1.0000
945 27.5000 4.2857 1.0000
946 30.0000 4.2857 1.0000
947 25.0000 5.1429 1.0000
948 27.5000 5.1429 1.0000
949 30.0000 5.1429 1.0000
950 25.0000 6.0000 1.0000
951 27.5000 6.0000 1.0000
952 30.0000 6.0000 1.0000
1 0.00 0.00 1 2 8 7 49 50 56 55
2 0.00 0.00 2 3 9 8 50 51 57 56
3 0.00 0.00 3 4 10 9 51 52 58 57
4 0.00 0.00 4 5 11 10 ;52 53 :59 58
5 0.00 0.00 5 6 12 11 53 54 <60 59
6 0.00 0.00 7 8 14 13 55 56 i62 i61
7 0.00 0.00 8 9 15 14 56 57 i63 i62
8 0.00 0.00 9 10 16 15 57 58 64 63
9 0.00 0.00 10 11 17 16 58 59 65 64
10 0.00 0.00 11 12 18 17 59 60 66 65
11 0.00 0.00 13 14 20 19 61 62 68 67
12 0.00 0.00 14 15 21 20 62 63 69 68
13 0.00 0.00 15 16 22 21 63 64 70 69
14 0.00 0.00 16 17 23 22 64 65 71 70
15 0.00 0.00 17 18 24 23 65 66 72 71
16 0.00 0.00 19 20 26 25 67 68 74 73
17 0.00 0.00 20 21 27 26 68 69 75 74
18 0.00 0.00 21 22 28 27 69 70 76 75
19 0.00 0.00 22 23 29 28 70 71 77 76
20 0.00 0.00 23 24 30 29 71 72 78 77
21 0.00 0.00 25 26 32 31 73 74 80 79
22 0.00 0.00 26 27 33 32 74 75 81 80
23 0.00 0.00 27 28 34 33 75 76 82 81
24 0.00 0.00 28 29 35 34 76 77 83 82
25 0.00 0.00 29 30 36 35 77 78 84 83
26 0.00 0.00 31 32 38 37 79 80 86 85
27 0.00 0.00 32 33 39 38 80 81 87 86
28 0.00 0.00 33 34 40 39 81 82 88 87
29 0.00 0.00 34 35 41 40 82 83 89 88
30 0.00 0.00 35 36 42 41 83 84 90 89
31 0.00 0.00 37 38 44 43 85 86 92 91
32 0.00 0.00 38 39 45 44 86 87 93 92
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33 0.00 0.00 39 40 46 45 87 88 94 93
34 0.00 0.00 40 41 47 46 88 89 95 94
35 0.00 0.00 41 42 48 47 89 90 96 95
36 0.00 0.00 49 50 56 55 97 98 104 103
37 0.00 0.00 50 51 57 56 98 99 105 104
38 0.00 0.00 51 52 58 57 99 100 106 105
39 0.00 0.00 52 53 59 58 100 101 107 106
40 0.00 0.00 53 54 60 59 101 102 108 107
41 0.00 0.00 55 56 62 61 103 104 110 109
42 0.00 0.00 56 57 63 62 104 105 111 110
43 0.00 0.00 57 58 64 63 105 106 112 111
44 0.00 0.00 58 59 65 64 106 107 113 112
45 0.00 0.00 59 60 66 65 107 108 114 113
46 0.00 0.00 61 62 68 67 109 110 116 115
47 0.00 0.00 62 63 69 68 110 111 117 116
48 0.00 0.00 63 64 70 69 111 112 118 117
49 0.00 0.00 64 65 71 70 112 113 119 118
50 0.00 0.00 65 66 72 71 113 114 120 119
51 0.00 0.00 67 68 74 73 115 116 122 121
52 0.00 0.00 68 69 75 74 116 117 123 122
53 0.00 0.00 69 70 76 75 117 118 124 123
54 0.00 0.00 70 71 77 76 118 119 125 124
55 0.00 0.00 71 72 78 77 119 120 126 125
56 0.00 0.00 73 74 80 79 121 122 128 127
57 0.00 0.00 74 75 81 80 122 123 129 128
58 0.00 0.00 75 76 82 81 123 124 130 129
59 0.00 0.00 76 77 83 82 124 125 131 130
60 0.00 0.00 77 78 84 83 125 126 132 131
61 0.00 0.00 79 80 86 85 127 128 134 133
62 0.00 0.00 80 81 87 86 128 129 135 134
63 0.00 0.00 81 82 88 87 129 130 136 135
64 0.00 0.00 82 83 89 88 130 131 137 136
65 0.00 0.00 83 84 90 89 131 132 138 137
66 0.00 0.00 85 86 92 91 133 134 140 139
67 0.00 0.00 86 87 93 92 134 135 141 140
68 0.00 0.00 87 88 94 93 135 136 142 141
69 0.00 0.00 88 89 95 94 136 137 143 142
70 0.00 0.00 89 90 96 95 137 138 144 143
71 0.00 0.00 97 98 104 103 145 146 152 151
72 0.00 0.00 98 99 105 104 146 147 153 152
73 0.00 0.00 99 100 106 105 147 148 154 153
74 0.00 0.00 100 101 107 106 148 149 155 154
75 0.00 0.00 101 102 108 107 149 150 156 155
76 0.00 0.00 103 104 110 109 151 152 158 157
77 0.00 0.00 104 105 111 110 152 153 159 158
78 0.00 0.00 105 106 112 111 153 154 160 159
79 0.00 0.00 106 107 113 112 154 155 161 160
80 0.00 0.00 107 108 114 113 155 156 162 161
81 0.00 0.00 109 110 116 115 157 158 164 163
82 0.00 0.00 110 i l l 117 116 158 159 165 164
83 0.00 0.00 111 112 118 117 159 160 166 165
84 0.00 0.00 112 113 119 118 160 161 167 166
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85 0.00 0.00 113 114
86 0.00 0.00 115 116
87 0.00 0.00 116 117
88 0.00 0.00 117 118
89 0.00 0.00 118 119
90 0.00 0.00 119 120
91 0.00 0.00 121 122
92 0.00 0.00 122 123
93 0.00 0.00 123 124
94 0.00 0.00 124 125
95 0.00 0.00 125 126
96 0.00 0.00 127 128
97 0.00 0.00 128 129
98 0.00 0.00 129 130
99 0.00 0.00 130 131
100 0.00 0.00 131 132
101 0.00 0.00 133 134
102 0.00 0.00 134 135
103 0.00 0.00 135 136
104 0.00 0.00 136 137
105 0.00 0.00 137 138
106 0.00 0.00 145 146
107 0.00 0.00 146 147
108 0.00 0.00 147 148
109 0.00 0.00 148 149
110 0.00 0.00 149 150
111 0.00 0.00 151 152
112 0.00 0.00 152 153
113 0.00 0.00 153 154
114 0.00 0.00 154 155
115 0.00 0.00 155 156
116 0.00 0.00 157 158
117 0.00 0.00 158 159
118 0.00 0.00 159 160
119 0.00 0.00 160 161
120 0.00 0.00 161 162
121 0.00 0.00 163 164
122 0.00 0.00 164 165
123 0.00 0.00 165 166
124 0.00 0.00 166 167
125 0.00 0.00 167 168
126 0.00 0.00 169 170
127 0.00 0.00 170 171
128 0.00 0.00 171 172
129 0.00 0.00 172 173
130 0.00 0.00 173 174
131 0.00 0.00 175 176
132 0.00 0.00 176 177
133 0.00 0.00 177 178
134 0.00 0.00 178 179
135 0.00 0.00 179 180
136 0.00 0.00 181 182
119 161 162 168 167
121 163 164 170 169
122 164 165 171 170
123 165 166 172 171
124 166 167 173 172
125 167 168 174 173
127 169 170 176 175
128 170 171 177 176
129 171 172 178 177
130 172 173 179 178
131 173 174 180 179
133 175 176 182 181
134 176 177 183 182
135 177 178 184 183
136 178 179 185 184
137 179 180 186 185
139 181 182 188 187
140 182 183 189 188
141 183 184 190 189
142 184 185 191 190
143 185 186 192 191
151 193 194 200 199
152 194 195 201 200
153 195 196 202 201
154 196 197 203 202
155 197 198 204 203
157 199 200 206 205
158 200 201 207 206
159 201 202 208 207
160 202 203 209 208
161 203 204 210 209
163 205 206 212 211
164 206 207 213 212
165 207 208 214 213
166 208 209 215 214
167 209 210 216 215
169 211 212 218 217
170 212 213 219 218
171 213 214 220 219
172 214 215 221 220
173 215 216 222 221
175 217 218 224 223
176 218 219 225 224
177 219 220 226 225
178 220 221 227 226
179 221 222 228 227
181 223 224 230 229
182 224 225 231 230
183 225 226 232 231
184 226 227 233 232
185 227 228 234 233










































































































0.00 0.00 182 183 189 188 230 231 237 236
0.00 0.00 183 184 190 189 231 232 238 237
0.00 0.00 184 185 191 190 232 233 239 238
0.00 0.00 185 186 192 191 233 234 240 239
0.00 0.00 193 194 200 199 241 242 248 247
0.00 0.00 194 195 201 200 242 243 249 248
0.00 0.00 195 196 202 201 243 244 250 249
0.00 0.00 196 197 203 202 244 245 251 250
0.00 0.00 197 198 204 203 245 246 252 251
0.00 0.00 199 200 206 205 247 248 254 253
0.00 0.00 200 201 207 206 248 249 255 254
0.00 0.00 201 202 208 207 249 250 256 255
0.00 0.00 202 203 209 208 250 251 257 256
0.00 0.00 203 204 210 209 251 252 258 257
0.00 0.00 205 206 212 211 253 254 260 259
0.00 0.00 206 207 213 212 254 255 261 260
0.00 0.00 207 208 214 213 255 256 262 261
0.00 0.00 208 209 215 214 256 257 263 262
0.00 0.00 209 210 216 215 257 258 264 263
0.00 0.00 211 212 218 217 259 260 266 265
0.00 0.00 212 213 219 218 260 261 267 266
0.00 0.00 213 214 220 219 261 262 268 267
0.00 0.00 214 215 221 220 262 263 269 268
0.00 0.00 215 216 222 221 263 264 270 269
0.00 0.00 217 218 224 223 265 266 272 271
0.00 0.00 218 219 225 224 266 267 273 272
0.00 0.00 219 220 226 225 267 268 274 273
0.00 0.00 220 221 227 226 268 269 275 274
0.00 0.00 221 222 228 227 269 270 276 275
0.00 0.00 223 224 230 229 271 272 278 277
0.00 0.00 224 225 231 230 272 273 279 278
0.00 0.00 225 226 232 231 273 274 280 279
0.00 0.00 226 227 233 232 274 275 281 280
0.00 0.00 227 228 234 233 275 276 282 281
0.00 0.00 229 230 236 235 277 278 284 283
0.00 0.00 230 231 237 236 278 279 285 284
0.00 0.00 231 232 238 237 279 280 286 285
0.00 0.00 232 233 239 238 280 281 287 286
0.00 0.00 233 234 240 239 281 282 288 287
0.00 0.00 241 242 248 247 289 290 296 295
0.00 0.00 242 243 249 248 290 291 297 296
0.00 0.00 243 244 250 249 291 292 298 297
0.00 0.00 244 245 251 250 292 293 299 298
0.00 0.00 245 246 252 251 293 294 300 299
0.00 0.00 247 248 254 253 295 296 302 301
0.00 0.00 248 249 255 254 296 297 303 302
0.00 0.00 249 250 256 255 297 298 304 303
0.00 0.00 250 251 257 256 298 299 305 304
0.00 0.00 251 252 258 257 299 300 306 305
0.00 0.00 253 254 260 259 301 302 308 307
0.00 0.00 254 255 261 260 302 303 309 308
0.00 0.00 255 256 262 261 303 304 310 309
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189 0.00 0.00 256 257 263 262 304 305 311 310
190 0.00 0.00 257 258 264 263 305 306 312 311
191 0.00 0.00 259 260 266 265 307 308 314 313
192 0.00 0.00 260 261 267 266 308 309 315 314
193 0.00 0.00 261 262 268 267 309 310 316 315
194 0.00 0.00 262 263 269 268 310 311 317 316
195 0.00 0.00 263 264 270 269 311 312 318 317
196 0.00 0.00 265 266 272 271 313 314 320 319
197 0.00 0.00 266 267 273 272 314 315 321 320
198 0.00 0.00 267 268 274 273 315 316 322 321
199 0.00 0.00 268 269 275 274 316 317 323 322
200 0.00 0.00 269 270 276 275 317 318 324 323
201 0.00 0.00 271 272 278 277 319 320 326 325
202 0.00 0.00 272 273 279 278 320 321 327 326
203 0.00 0.00 273 274 280 279 321 322 328 327
204 0.00 0.00 274 275 281 280 322 323 329 328
205 0,00 0.00 275 276 282 281 323 324 330 329
206 0.00 0.00 277 278 284 283 325 326 332 331
207 0.00 0.00 278 279 285 284 326 327 333 332
208 0.00 0.00 279 280 286 285 327 328 334 333
209 0.00 0.00 280 281 287 286 328 329 335 334
210 0.00 0.00 281 282 288 287 329 330 336 335
211 0.00 0.00 6 337 :342 12 :54 377 382 60
212 0.00 0.00 337 338 343 342 377 378 383 382
213 0.00 0.00 338 339 344 343 378 379 384 383
214 0.00 0.00 339 340 345 344 379 380 385 384
215 0.00 0.00 340 341 346 345 380 381 386 385
216 0.00 0.00 12 342 347 18 60 382 387 66
217 0.00 0.00 342 343 348 347 382 383 388 387
218 0.00 0.00 343 344 349 348 383 384 389 388
219 0.00 0.00 344 345 350 349 384 385 390 389
220 0.00 0.00 345 346 351 350 385 386 391 390
221 0.00 0.00 18 347 352 24 66 387 392 72
222 0.00 0.00 347 348 353 352 387 388 393 392
223 0.00 0.00 348 349 354 353 388 389 394 393
224 0.00 0.00 349 350 355 354 389 390 395 394
225 0.00 0.00 350 351 356 355 390 391 396 395
226 0.00 0.00 24 352 357 30 72 392 397 78
227 0.00 0.00 352 353 358 357 392 393 398 397
228 0.00 0.00 353 354 359 358 393 394 399 398
229 0.00 0.00 354 355 360 359 394 395 400 399
230 0.00 0.00 355 356 361 360 395 396 401 400
231 0.00 0.00 30 357 362 36 78 397 402 84
232 0.00 0.00 357 358 363 362 397 398 403 402
233 0.00 0.00 358 359 364 363 398 399 404 403
234 0.00 0.00 359 360 365 364 399 400 405 404
235 0.00 0.00 360 361 366 365 400 401 406 405
236 0.00 0.00 36 362 367 42 84 402 407 90
237 0.00 0.00 362 363 368 367 402 403 408 407
238 0.00 0.00 363 364 369 368 403 404 409 408
239 0.00 0.00 364 365 370 369 404 405 410 409
240 0.00 0.00 365 366 371 370 405 406 411 410
70
241 0.00 0.00 42 367 372 48 90 407 412 96
242 0.00 0.00 367 368 373 372 407 408 413 412
243 0.00 0.00 368 369 374 373 408 409 414 413
244 0.00 0.00 369 370 375 374 409 410 415 414
245 0.00 0.00 370 371 376 375 410 411 416 415
246 0.00 0.00 54 377 382 60 102 417 422 108
247 0.00 0.00 377 378 383 382 417 418 423 422
248 0.00 0.00 378 379 384 383 418 419 424 423
249 0.00 0.00 379 380 385 384 419 420 425 424
250 0.00 0.00 380 381 386 385 420 421 426 425
251 0.00 0.00 60 382 387 66 108 ■422 427 114
252 0.00 0.00 382 383 388 387 422 423 428 427
253 0.00 0.00 383 384 389 388 423 424 429 428
254 0.00 0.00 384 385 390 389 424 425 430 429
255 0.00 0.00 385 386 391 390 425 426 431 430
256 0.00 0.00 66 387 392 72 114 <427 ■432 120
257 0.00 0.00 387 388 393 392 427 428 433 432
258 0.00 0.00 388 389 394 393 428 429 434 433
259 0.00 0.00 389 390 395 394 429 430 435 434
260 0.00 0.00 390 391 396 395 430 431 436 435
261 0.00 0.00 72 392 397 78 120 432 437 126
262 0.00 0.00 392 393 398 397 432 433 438 437
263 0.00 0.00 393 394 399 398 433 434 439 438
264 0.00 0.00 394 395 400 399 434 435 440 439
265 0.00 0.00 395 396 401 400 435 436 441 440
266 0.00 0.00 78 397 402 84 126 437 442 132
267 0.00 0.00 397 398 403 402 437 438 443 442
268 0.00 0.00 398 399 404 403 438 439 444 443
269 0.00 0.00 399 400 405 404 439 440 445 444
270 0.00 0.00 400 401 406 405 440 441 446 445
271 0.00 0.00 84 402 407 90 132 442 447 138
272 0.00 0.00 402 403 408 407 442 443 448 447
273 0.00 0.00 403 404 409 408 443 444 449 448
274 0.00 0.00 404 405 410 409 444 445 450 449
275 0.00 0.00 405 406 411 410 445 446 451 450
276 0.00 0.00 90 407 412 96 138 447 452 144
277 0.00 0.00 407 408 413 412 447 448 453 452
278 0.00 0.00 408 409 414 413 448 449 454 453
279 0.00 0.00 409 410 415 414 449 450 455 454
280 0.00 0.00 410 411 416 415 450 451 456 455
281 0.00 0.00 102 417 422 108 150 457 462 156
282 0.00 0.00 417 418 423 422 457 458 463 462
283 0.00 0.00 418 419 424 423 458 459 464 463
284 0.00 0.00 419 420 425 424 459 460 465 464
285 0.00 0.00 420 421 426 425 460 461 466 465
286 0.00 0.00 108 422 427 114 156 462 467 162
287 0.00 0.00 422 423 428 427 462 463 468 467
288 0.00 0.00 423 424 429 428 463 464 469 468
289 0.00 0.00 424 425 430 429 464 465 470 469
290 0.00 0.00 425 426 431 430 465 466 471 470
291 0.00 0.00 114 427 432 120 162 467 472 168
292 0.00 0.00 427 428 433 432 467 468 473 472
71
293 0.00 0.00 428 429 434 433 468 469 474 473
294 0.00 0.00 429 430 435 434 469 470 475 474
295 0.00 0.00 430 431 436 435 470 471 476 475
296 0.00 0.00 120 432 437 126 168 472 477 174
297 0.00 0.00 432 433 438 437 472 473 478 477
298 0.00 0.00 433 434 439 438 473 474 479 478
299 0.00 0.00 434 435 440 439 474 475 480 479
300 0.00 0.00 435 436 441 440 475 476 481 480
301 0.00 0.00 126 437 442 132 174 477 482 180
302 0.00 0.00 437 438 443 442 477 478 483 482
303 0.00 0.00 438 439 444 443 478 479 484 483
304 0.00 0.00 439 440 445 444 479 480 485 484
305 0.00 0.00 440 441 446 445 480 481 486 485
306 0.00 0.00 132 442 447 138 180 482 487 186
307 0.00 0.00 442 443 448 447 482 483 488 487
308 0.00 0.00 443 444 449 448 483 484 489 488
309 0.00 0.00 444 445 450 449 484 485 490 489
310 0.00 0.00 445 446 451 450 485 486 491 490
311 0.00 0.00 138 447 452 144 186 487 492 192
312 0.00 0.00 447 448 453 452 487 488 493 492
313 0.00 0.00 448 449 454 453 488 489 494 493
314 0.00 0.00 449 450 455 454 489 490 495 494
315 0.00 0.00 450 451 456 455 490 491 496 495
316 0.00 0.00 150 457 462 156 198 497 502 204
317 0.00 0.00 457 458 463 462 497 498 503 502
318 0.00 0.00 458 459 464 463 498 499 504 503
319 0.00 0.00 459 460 465 464 499 500 505 504
320 0.00 0.00 460 461 466 465 500 501 506 505
321 0.00 0.00 156 462 467 162 204 502 507 210
322 0.00 0.00 462 463 468 467 502 503 508 507
323 0.00 0.00 463 464 469 468 503 504 509 508
324 0.00 0.00 464 465 470 469 504 505 510 509
325 0.00 0.00 465 466 471 470 505 506 511 510
326 0.00 0.00 162 467 472 168 210 507 512 216
327 0.00 0.00 467 468 473 472 507 508 513 512
328 0.00 0.00 468 469 474 473 508 509 514 513
329 0.00 0.00 469 470 475 474 509 510 515 514
330 0.00 0.00 470 471 476 475 510 511 516 515
331 0.00 0.00 168 472 477 174 216 512 517 222
332 0.00 0.00 472 473 478 477 512 513 518 517
333 0.00 0.00 473 474 479 478 513 514 519 518
334 0.00 0.00 474 475 480 479 514 515 520 519
335 0.00 10000.00 475 476 481 480 515 516 521 f
336 0.00 0.00 174 477 482 180 222 517 522 228
337 0.00 0.00 477 478 483 482 517 518 523 522
338 0.00 0.00 478 479 484 483 518 519 524 523
339 0.00 0.00 479 480 485 484 519 520 525 524
340 0.00 0.00 480 481 486 485 520 521 526 525
341 0.00 0.00 180 482 487 186 228 522 527 234
342 0.00 0.00 482 483 488 487 522 523 528 527
343 0.00 0.00 483 484 489 488 523 524 529 528
344 0.00 0.00 484 485 490 489 524 525 530 529
72
345 0.00 0.00 485 486 491 490 525 526 531 530
346 0.00 0.00 186 487 492 192 234 527 532 240
347 0.00 0.00 487 488 493 492 527 528 533 532
348 0.00 0.00 488 489 494 493 528 529 534 533
349 0.00 0.00 489 490 495 494 529 530 535 534
350 0.00 0.00 490 491 496 495 530 531 536 535
351 0.00 0.00 198 497 502 204 246 537 542 252
352 0.00 0.00 497 498 503 502 537 538 543 542
353 0.00 0.00 498 499 504 503 538 539 544 543
354 0.00 0.00 499 500 505 504 539 540 545 544
355 0.00 0.00 500 501 506 505 540 541 546 545
356 0.00 0.00 204 502 507 210 252 542 547 258
357 0.00 0.00 502 503 508 507 542 543 548 547
358 0.00 0.00 503 504 509 508 543 544 549 548
359 0.00 0.00 504 505 510 509 544 545 550 549
360 0.00 0.00 505 506 511 510 545 546 551 550
361 0.00 0.00 210 507 512 216 258 547 552 264
362 0.00 0.00 507 508 513 512 547 548 553 552
363 0.00 0.00 508 509 514 513 548 549 554 553
364 0.00 0.00 509 510 515 514 549 550 555 554
365 0.00 0.00 510 511 516 515 550 551 556 555
366 0.00 0.00 216 512 517 222 264 552 557 270
367 0.00 0.00 512 513 518 517 552 553 558 557
368 0.00 0.00 513 514 519 518 553 554 559 558
369 0.00 0.00 514 515 520 519 554 555 560 559
370 0.00 0.00 515 516 521 520 555 556 561 560
371 0.00 0.00 222 517 522 228 270 557 562 276
372 0.00 0.00 517 518 523 522 557 558 563 562
373 0.00 0.00 518 519 524 523 558 559 564 563
374 0.00 0.00 519 520 525 524 559 560 565 564
375 0.00 0.00 520 521 526 525 560 561 566 565
376 0.00 0.00 228 522 527 234 276 562 567 282
377 0.00 0.00 522 523 528 527 562 563 568 567
378 0.00 0.00 523 524 529 528 563 564 569 568
379 0.00 0.00 524 525 530 529 564 565 570 569
380 0.00 0.00 525 526 531 530 565 566 571 570
381 0.00 0.00 234 527 532 240 282 567 572 288
382 0.00 0.00 527 528 533 532 567 568 573 572
383 0.00 0.00 528 529 534 533 568 569 574 573
384 0.00 0.00 529 530 535 534 569 570 575 574
385 0.00 0.00 530 531 536 535 570 571 576 575
386 0.00 0.00 246 537 542 252 294 577 582 300
387 0.00 0.00 537 538 543 542 577 578 583 582
388 0.00 0.00 538 539 544 543 578 579 584 583
389 0.00 0.00 539 540 545 544 579 580 585 584
390 0.00 0.00 540 541 546 545 580 581 586 585
391 0.00 0.00 252 542 547 258 300 582 587 306
392 0.00 0.00 542 543 548 547 582 583 588 587
393 0.00 0.00 543 544 549 548 583 584 589 588
394 0.00 0.00 544 545 550 549 584 585 590 589
395 0.00 0.00 545 546 551 550 585 586 591 590
396 0.00 0.00 258 547 552 264 306 587 592 312
73
397 0.00 0.00 547 548 553 552 587 588 593 592
398 0.00 0.00 548 549 554 553 588 589 594 593
399 0.00 0.00 549 550 555 554 589 590 595 594
400 0.00 0.00 550 551 556 555 590 591 596 595
401 0.00 0.00 264 552 557 270 312 592 597 318
402 0.00 0.00 552 553 558 557 592 593 598 597
403 0.00 0.00 553 554 559 558 593 594 599 598
404 0.00 0.00 554 555 560 559 594 595 600 599
405 0.00 0.00 555 556 561 560 595 596 601 600
406 0.00 0.00 270 557 562 276 318 597 602 324
407 0.00 0.00 557 558 563 562 597 598 603 602
408 0.00 0.00 558 559 564 563 598 599 604 603
409 0.00 0.00 559 560 565 564 599 600 605 604
410 0.00 0.00 560 561 566 565 600 601 606 605
411 0.00 0.00 276 562 567 282 324 602 607 330
412 0.00 0.00 562 563 568 567 602 603 608 607
413 0.00 0.00 563 564 569 568 603 604 609 608
414 0.00 0.00 564 565 570 569 604 605 610 609
415 0.00 0.00 565 566 571 570 605 606 611 610
416 0.00 0.00 282 567 572 288 330 607 612 336
417 0.00 0.00 567 568 573 572 607 608 613 612
418 0.00 0.00 568 569 574 573 608 609 614 613
419 0.00 0.00 569 570 575 574 609 610 615 614
420 0.00 0.00 570 571 576 575 610 611 616 615
421 0.00 0.00 341 617 620 346 381 641 644 386
422 0.00 0.00 617 618 621 620 641 642 645 644
423 0.00 0.00 618 619 622 621 642 643 646 645
424 0.00 0.00 346 620 623 351 386 644 647 391
425 0.00 0.00 620 621 624 623 644 645 648 647
426 0.00 0.00 621 622 625 624 645 646 649 648
427 0.00 0.00 351 623 626 356 391 647 650 396
428 0.00 0.00 623 624 627 626 647 648 651 650
429 0.00 0.00 624 625 628 627 648 649 652 651
430 0.00 0.00 356 626 629 361 396 650 653 401
431 0.00 0.00 626 627 630 629 650 651 654 653
432 0.00 0.00 627 628 631 630 651 652 655 654
433 0.00 0.00 361 629 632 366 401 653 656 406
434 0.00 0.00 629 630 633 632 653 654 657 656
435 0.00 0.00 630 631 634 633 654 655 658 657
436 0.00 0.00 366 632 635 371 406 656 659 411
437 0.00 0.00 632 633 636 635 656 657 660 659
438 0.00 0.00 633 634 637 636 657 658 661 660
439 0.00 0.00 371 635 638 376 411 659 662 416
440 0.00 0.00 635 636 639 638 659 660 663 662
441 0.00 0.00 636 637 640 639 660 661 664 663
442 0.00 0.00 381 641 644 386 421 665 668 426
443 0.00 0.00 641 642 645 644 665 666 669 668
444 0.00 0.00 642 643 646 645 666 667 670 669
445 0.00 0.00 386 644 647 391 426 668 671 431
446 0.00 0.00 644 645 648 647 668 669 672 671
447 0.00 0.00 645 646 649 648 669 670 673 672
448 0.00 0.00 391 647 650 396 431 671 674 436
74
449 0.00 0,00 647 648 651 650 671 672 675 674
450 0.00 0.00 648 649 652 651 672 673 676 675
451 0.00 0.00 396 650 653 401 436 674 677 441
452 0.00 0.00 650 651 654 653 674 675 678 677
453 0.00 0.00 651 652 655 654 675 676 679 678
454 0.00 0.00 401 653 656 406 441 677 680 446
455 0.00 0.00 653 654 657 656 677 678 681 680
456 0.00 0.00 654 655 658 657 678 679 682 681
457 0.00 0.00 406 656 659 411 446 680 683 451
458 0.00 0.00 656 657 660 659 680 681 684 683
459 0.00 0.00 657 658 661 660 681 682 685 684
460 0,00 0.00 411 659 662 416 451 683 686 456
461 0.00 0.00 659 660 663 662 683 684 687 686
462 0.00 0.00 660 661 664 663 684 685 688 687
463 0.00 0.00 421 665 668 426 461 689 692 466
464 0.00 0.00 665 666 669 668 689 690 693 692
465 0.00 0.00 666 667 670 669 690 691 694 693
466 0.00 0.00 426 668 671 431 466 692 695 471
467 0.00 0.00 668 669 672 671 692 693 696 695
468 0.00 0.00 669 670 673 672 693 694 697 696
469 0.00 0.00 431 671 674 436 471 695 698 476
470 0.00 0.00 671 672 675 674 695 696 699 698
471 0.00 0.00 672 673 676 675 696 697 700 699
472 0.00 0.00 436 674 677 441 476 698 701 481
473 0.00 0.00 674 675 678 677 698 699 702 701
474 0.00 0.00 675 676 679 678 699 700 703 702
475 0.00 0.00 441 677 680 446 481 701 704 486
476 0.00 0.00 677 678 681 680 701 702 705 704
477 0.00 0.00 678 679 682 681 702 703 706 705
478 0.00 0.00 446 680 683 451 486 704 707 491
479 0.00 0.00 680 681 684 683 704 705 708 707
480 0.00 0.00 681 682 685 684 705 706 709 708
481 0.00 0.00 451 683 686 456 491 707 710 496
482 0.00 0.00 683 684 687 686 707 708 711 710
483 0.00 0.00 684 685 688 687 708 709 712 711
484 0.00 0.00 461 689 692 466 501 713 716 506
485 0.00 0.00 689 690 693 692 713 714 717 716
486 0.00 0.00 690 691 694 693 714 715 718 717
487 0.00 0.00 466 692 695 471 506 716 719 511
488 0.00 0.00 692 693 696 695 716 717 720 719
489 0.00 0.00 693 694 697 696 717 718 721 720
490 0.00 0.00 471 695 698 476 511 719 722 516
491 0.00 0.00 695 696 699 698 719 720 723 722
492 0.00 0.00 696 697 700 699 720 721 724 723
493 0.00 0.00 476 698 701 481 516 722 725 521
494 0.00 0.00 698 699 702 701 722 723 726 725
495 0.00 0.00 699 700 703 702 723 724 727 726
496 0.00 0.00 481 701 704 486 521 725 728 526
497 0.00 0.00 701 702 705 704 725 726 729 728
498 0.00 0.00 702 703 706 705 726 727 730 729
499 0.00 0.00 486 704 707 491 526 728 731 531
500 0.00 0.00 704 705 708 707 728 729 732 731
75
501 0.00 0.00 705 706 709 708 729 730 733 732
502 0.00 0.00 491 707 710 496 531 731 734 536
503 0.00 0.00 707 708 711 710 731 732 735 734
504 0.00 0.00 708 709 712 711 732 733 736 735
505 0.00 0.00 501 713 716 506 541 737 740 546
506 0.00 0.00 713 714 717 716 737 738 741 740
507 0.00 0.00 714 715 718 717 738 739 742 741
508 0.00 0.00 506 716 719 511 546 740 743 551
509 0.00 0.00 716 717 720 719 740 741 744 743
510 0.00 0.00 717 718 721 720 741 742 745 744
511 0.00 0.00 511 719 722 516 551 743 746 556
512 0,00 0.00 719 720 723 722 743 744 747 746
513 0.00 0.00 720 721 724 723 744 745 748 747
514 0.00 0.00 516 722 725 521 556 746 749 561
515 0.00 0.00 722 723 726 725 746 747 750 749
516 0.00 0.00 723 724 727 726 747 748 751 750
517 0.00 0.00 521 725 728 526 561 749 752 566
518 0.00 0.00 725 726 729 728 749 750 753 752
519 0.00 0.00 726 727 730 729 750 751 754 753
520 0.00 0.00 526 728 731 531 566 752 755 571
521 0.00 0.00 728 729 732 731 752 753 756 755
522 0.00 0.00 729 730 733 732 753 754 757 756
523 0.00 0.00 531 731 734 536 571 755 758 576
524 0.00 0.00 731 732 735 734 755 756 759 758
525 0.00 0.00 732 733 736 735 756 757 760 759
526 0.00 0.00 541 737 740 546 581 761 764 586
527 0.00 0.00 737 738 741 740 761 762 765 764
528 0.00 0.00 738 739 742 741 762 763 766 765
529 0.00 0.00 546 740 743 551 586 764 767 591
530 0.00 0.00 740 741 744 743 764 765 768 767
531 0.00 0.00 741 742 745 744 765 766 769 768
532 0.00 0.00 551 743 746 556 591 767 770 596
533 0.00 0.00 743 744 747 746 767 768 771 770
534 0.00 0.00 744 745 748 747 768 769 772 771
535 0.00 0.00 556 746 749 561 596 770 773 601
536 0.00 0.00 746 747 750 749 770 771 774 773
537 0.00 0.00 747 748 751 750 771 772 775 774
538 0.00 0.00 561 749 752 566 601 773 776 606
539 0.00 0.00 749 750 753 752 773 774 777 776
540 0.00 0.00 750 751 754 753 774 775 778 777
541 0.00 0.00 566 752 755 571 606 776 779 611
542 0.00 0.00 752 753 756 755 776 777 780 779
543 0.00 0.00 753 754 757 756 777 778 781 780
544 0.00 0.00 571 755 758 576 611 779 782 616
545 0.00 0.00 755 756 759 758 779 780 783 782
546 0,00 0.00 756 757 760 759 780 781 784 783
547 0.00 0.00 619 785 788 622 643 809 812 646
548 0.00 0.00 785 786 789 788 809 810 813 812
549 0.00 0.00 786 787 790 789 810 811 814 813
550 0.00 0.00 622 788 791 625 646 812 815 649
551 0.00 0.00 788 789 792 791 812 813 816 815
552 0.00 0.00 789 790 793 792 813 814 817 816
76
553 0.00 0.00 625 791 794 628 649 815 818 652
554 0.00 0.00 791 792 795 794 815 816 819 818
555 0.00 0.00 792 793 796 795 816 817 820 819
556 0.00 0.00 628 794 797 631 652 818 821 655
557 0.00 0.00 794 795 798 797 818 819 822 821
558 0.00 0.00 795 796 799 798 819 820 823 822
559 0.00 0.00 631 797 800 634 655 821 824 658
560 0.00 0.00 797 798 801 800 821 822 825 824
561 0.00 0.00 798 799 802 801 822 823 826 825
562 0.00 0.00 634 800 803 637 658 824 827 661
563 0.00 0.00 800 801 804 803 824 825 828 827
564 0.00 0.00 801 802 805 804 825 826 829 828
565 0.00 0.00 637 803 806 640 661 827 830 664
566 0.00 0.00 803 804 807 806 827 828 831 830
567 0.00 0.00 804 805 808 807 828 829 832 831
568 0.00 0.00 643 809 812 646 667 833 836 670
569 0.00 0.00 809 810 813 812 833 834 837 836
570 0.00 0.00 810 811 814 813 834 835 838 837
571 0.00 0.00 646 812 815 649 670 836 839 673
572 0.00 0.00 812 813 816 815 836 837 840 839
573 0.00 0.00 813 814 817 816 837 838 841 840
574 0.00 0.00 649 815 818 652 673 839 842 676
575 0.00 0.00 815 816 819 818 839 840 843 842
576 0.00 0.00 816 817 820 819 840 841 844 843
577 0.00 0.00 652 818 821 655 676 842 845 679
578 0.00 0.00 818 819 822 821 842 843 846 845
579 0.00 0.00 819 820 823 822 843 844 847 846
580 0.00 0.00 655 821 824 658 679 845 848 682
581 0.00 0.00 821 822 825 824 845 846 849 848
582 0.00 0.00 822 823 826 825 846 847 850 849
583 0.00 0.00 658 824 827 661 682 848 851 685
584 0.00 0.00 824 825 828 827 848 849 852 851
585 0.00 0.00 825 826 829 828 849 850 853 852
586 0.00 0.00 661 827 830 664 685 851 854 688
587 0.00 0.00 827 828 831 830 851 852 855 854
588 0.00 0.00 828 829 832 831 852 853 856 855
589 0.00 0.00 667 833 836 670 691 857 860 694
590 0.00 0.00 833 834 837 836 857 858 861 860
591 0.00 0.00 834 835 838 837 858 859 862 861
592 0.00 0.00 670 836 839 673 694 860 863 697
593 0.00 0.00 836 837 840 839 860 861 864 863
594 0.00 0.00 837 838 841 840 861 862 865 864
595 0.00 0.00 673 839 842 676 697 863 866 700
596 0.00 0.00 839 840 843 842 863 864 867 866
597 0.00 0.00 840 841 844 843 864 865 868 867
598 0.00 0.00 676 842 845 679 700 866 869 703
599 0.00 0.00 842 843 846 845 866 867 870 869
600 0.00 0.00 843 844 847 846 867 868 871 870
601 0.00 0.00 679 845 848 682 703 869 872 706
602 0.00 0.00 845 846 849 848 869 870 873 872
603 0.00 0.00 846 847 850 849 870 871 874 873
604 0.00 0.00 682 848 851 685 706 872 875 709
77
605 0.00 0.00 848 849 852 851 872 873 876 875
606 0.00 0.00 849 850 853 852 873 874 877 876
607 0.00 0.00 685 851 854 688 709 875 878 712
608 0.00 0.00 851 852 855 854 875 876 879 878
609 0.00 0.00 852 853 856 855 876 877 880 879
610 0.00 0.00 691 857 860 694 715 881 884 718
611 0.00 0.00 857 858 861 860 881 882 885 884
612 0.00 0.00 858 859 862 861 882 883 886 885
613 0.00 0.00 694 860 863 697 718 884 887 721
614 0.00 0.00 860 861 864 863 884 885 888 887
615 0.00 0.00 861 862 865 864 885 886 889 888
616 0.00 0.00 697 863 866 700 721 887 890 724
617 0.00 0.00 863 864 867 866 887 888 891 890
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